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CITAPTER SIX
Sumnna ry  and  conc lud ing  remarks
The  wo rk  desc r i bed  i n  t . h i s  t hes i s  has  been  i n i t i a t ed  by  t he  demand
frorn exper ixoental  nuclear physic ists for  h igher energies of  ion beams
f rom the  KV I  cyc l o t r on .  Th i s  has  1ed  t o  t he  dec i s i on  t o  bu i l d  an  ax i a l
i n j ecc i on  sys ten ,  because  w i t h  such  a  sys tem new  t ypes  o f  i on  sou rces ,
Eoo  l a rge  ! o  be  pos i t i oned  i n  t he  cen t ra l  r eg ion ,  cou ld  be  used .  The
energy of  heavy ion beams is expected to increase because these new
sou rces  can  de l i ve r  i on  bea rns  r4 r i Lh  a  h i ghe r  cha rge  s ta te .  Fo r  heavy  i ons
such  a  sys tem has  t he  add i t . i ona l  advanEage  Eha t  because  o f  an  i nc reased
t ransm iss i on  t h rough  t he  cyc l o t r on  on  accoun t  o f  be t ce r  vacuum cond i -
t i ons  h i ghe r  i n t ens i ! i e s  can  be  ob ta i ned .  Fo r  l i gh t  i ons  t he  d i ve r s i t y
w i rh  an  ax i a l  i n j ec t i on  sys tem w i l l  i n c rease  because  o f  t he  poss ib l e
i ns ta l l a t i on  o f  a  po la r i zed  i on  sou rce .  An  i nc rease  i n  t he  i n t ens i t y  o f
l i gh t  i ons ,  p roduced  by  i nce rna l  sou rces ,  was  f o reseen  by  i nc reas ing  t he
ex t rac t i on  e f  f  i c i encv .
T h e  f i r s t  c h a p t e r  g i v e s  a n  i n t r o d u c t i o n  t o  t h e  K V I  f a c i l i t y .  T h e
a rgumen ts  wh i ch  have  l ed  t . o  t he  des ign  o f  t he  ax i a l  i n j ec t i on  sys l em
w i l l  be  g i ven ,  Eoge the r  w i t h  a  desc r i p t i on  o f  t he  sys tem as  i t  has  been
i n s t a l l e d  i n  1 9 8 3 .
I n  chap te r  Ewo  a  numer i ca l  s t udy  i s  p resen ted  f o r  a  cen t ra l  r eg ion
des igned  t o  acce le ra te  bea rDs  f r om an  ex te rna l  as  we l l  as  f r om i nEe rna l
sou rces .  Because  o f  consEra in t s  w i t h  r espec t  t o  t he  i n j ec t i on  ene rgy ,
Ehe  l ocaE ion  o f  r he  ax i a l  ho l e  and  Ehe  cho i ce  o f  t he  i n f l ec to r ,  an
ax ia l l y  i n j ec ted  bea rn  i s  o f f - cen t red  a t  t he  beg inn ing  o f  Ehe  acce le ra -
E ion  p rocess .  The  nu rne r i ca l  ca l cu l a r i ons  show  tha t  i t  i s  poss ib l e  t o
cen t re  t he  bean  \ . i i t h i n  accep tab le  l im i t s  by  t he  app l i caE ion  o f  magne t i c
f i e l d  bunps  du r i ng  t he  f i r s !  r evo luE ions .  W i t h  such  a  sys ten  t he  rad ia l -
as  we l l  as  Ehe  ve r t i ca l  mo t i on  i s  f avou rab l y  i n f l uenced .  An  add i t i ona l
advantage of  using f ie ld burnps is  thaE beam centr ing becornes less
sens iE i ve  t o  t he  amp l i t ude  o f  Ehe  Dee  vo l t age .
Chap te r  t h ree  desc r i bes  t . he  i n f l uence  o f  seve ra l  r ea l  o r  equ i va len t
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f i r s t .  ha rmon i c  e f f ec t s  on  E l t e  mo t i on  o f  t he  o rb i t  cenEre  o f  t he  beam.
Based  on  know ledge  o f  t he  rno t i on  o f  t he  o rb i t  cen l r e  t he  expec ted
cu r ren t  dens i t y  as  a  f unc t i on  o f  r ad ius  i s  ca l cu l a ted  and  t he  e f f ecc  o f
an  o f f - cenEred  beam on  t he  beam qua l i Ly  i s  exan ined .  F ro rn  t he  ca l cu l a -
t i o n s  i E  f o l l o w s  t h a t  i t  i s  i m p o r r a n t  E o  l i n i t  l h e  p h a s e  w i d t h  o f  E h e
bea rn ,  as  Ehe  phase  space  a rea  occup ied  by  r he  o rb i t  cen te r s  s t r ong l y
i nc reases  w i t h  t h i s  w id th .  L t r en  Ehe  cyc l o t r on  i s  ope ra ted  w i t h  i n t e rna l
s o u r c e s  ( f o r  p ,  d ,  ' t l e  a n d  o )  t h i s  i s  d o n e  b y  n e a n s  o f  s l i t s  i n  t t r e
cen t ra l  r eg ion .  I n  case  o f  ax i a l  i n j ec t i on  t he  beam cu r ren t  w i l l  i n
gene ra l  be  so  l ow  t ha t  phase  se lec t i on  i n  t he  cen t ra l  r eg ion  w i l l  no t
l ead  t o  h i ghe r  ex te rna l  cu r renEs .  I n  t ha !  case  t he  phase  bunch ing  o f  r he
in j ec ted  bean  u l t ima te l y  de te rm ines  t he  beam qua l i t y .
B e a m  c e n t r i n g  i s  a l s o  a  f u n c t i o n  o f  t h e  R F  p h a s e  h i s t o r y  o f  t h e
bea rn .  Acce le ra t i on  c l ose  t o  t he  t op  o f  t he  RF  vo l t age  i s  r ecomrnended  f o r
keeping the mulual  d i f ference in the nurnber oF Eurns Eo a minimurn.  This
may  be  ach ieved  by  means  o f  numer i ca l  me thods  y i e l d i ng  seE t i ngs  f o r  Ehe
concen t r i c  co i l s ,  comb ined  w i t h  bea rn  phase  measu remen ts  a t  l a rge r  r ad i i .
I n  t h i s  w a y  a l s o  t h e  l o s s  o f  h e a v y  i o n  b e a m s  t h r o u g h  i n t e r a c E i o n  w i t h
res t  gas  i s  m in im i zed .
An  expe r imen ta l  ne thod  by  wh i ch  a  med ian  p l ane  e r ro r  can  be  f ound
i s  d e s c r i b e d  i n  t h e  l a s t  s e c t i o n  o f  c h a p l e r  t h r e e .
The  ex ! rac t i on  o f  bea rns  f r om l he  cyc l oE ron  i s  t he  sub jec t  o f
chap te r  f ou r .  An  expe r i r nen ta l  s t udy  i s  desc r i bed  i n  wh i ch  t he  f ac !o r s
de te rm in i ng  t he  ex t r ac t i on  e f f i c i ency  have  been  s tud ied .  Because  t he
em iL tance  o f  t he  bea rn  shou ld  no t  be  l a rge r  t han  t he  accepEance  o f  r he
ex t rac t i on  sys tems  i t  aga in  i s  impo r tan t  t o  l i n i t  t he  RF  phase  w id th  o f
t he  bean .  As  a  r esu l t  h i gh  ex t r ac t i on  e f f i c i enc ies  may  on l y  be  expecced
w h e n  t h e  p h a s e  w i d t h  i s  I i m i  t e d ,  [ o r  e x a m p l e  b y  s l i t s  i n  c h e  c e n t r a l
r eg ion .  Measu remen ts  have  shown  t ha t  t he  shape  o f  t he  sep tum o f  t he
o r i g i na l  ex t r ac to r  i s  no t  op t i r oa l  and  t ha t  t he  accep tance  o f  Ehe  channe l
i s  o n l y  p a r E l y  u s e d .  A n o t h e r  r e s u l t  i s  t h a t  i t  i s  i m p o r t a n E  E o  i n E r o d u c e
r a d i a l  f o c u s i n g  i n  t h e  f r i n g i n g  f i e l d  a s  s o o n  a s  p o s s i b l e  a f t e r  l h e
e lec t r os ta t i c  channe l  i n  o rde r  Eo  p reven t  beam l oss  and  Eo  p rese rve
l i n e a r  o p t i c s .
F ron  expe r imen ts  w i t h  a  second  ex t rac to r '  wh i ch  i nc l udes  a  r ad ia l l y
f o c u s i n g  e l e c E r o m a g n e t i c  c h a n n e l  d i r e c c l y  a f t e r  t h e  e l e c t r o s t a t i c
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channe l ,  a  l a rge  imp rovemen t  o f  t he  ex l r ac t i on  e f f i c i ency  has  been
obtained.  With th is device i t  has also been shown thaE beams rnr i th the
max imum magneE ic  r i g i d i t y  can  be  ex t r ac ted  f r o ro  t he  cyc l o t r on .
E x p e r i m e n E s  w i r h  a x i a l l y  i n j e c t e d  b e a n s  a r e  t h e  s u b j e c c  o f  c h a p t e r
f i ve ,  whe re  i t  i s  shown  t ha t  t he  acce le ra t i on  o f  i n i t i a l l y  o f f - cen t red
ion  beams  i s  en t i r e l y  f eas ib l e .  W i t h  t he  ECR-sou rce  coup led  Eo  t he  ax i a l
i n j ec t i on  sys l em h ighe r  i n ! ens iL i es  and  ene rg ies  f o r  heavy  i on  beams  a re
easi ly  obEained.  A change of  energy can be obtained in a fast  way by
va ry i ng  i n  p r i nc i p l e  on l y  a l l  t he  e l ecE r i ca l  pa rameEers  l i nea r l y  w i t h
L h e  c h a r g e  s t a t e  o f  t h e  i n j e c t e d  b e a m .  A l s o  s E a b l e  o p e r a E i o n  o f  t h e
who le  sys t . em fo r  pe r i ods  o f  r nany  days  has  p roven  co  be  we l l  poss ib l e .
An  impo r tan t  t oo l  f o r  bea rn  d i agnos t i c s  has  been  f ound  i n  t he
measurement of  gamrna rays,  which or ig inate f rom posi t ions where beam
loss  occu rs .  Th roughou t  t h i s  s t udy  t h i s  was  done  w i t h  a  sc i n t i l l a t o r /
pho tonu l t i p l i e r  comb ina t i on .  By  t i r n i ng  t he  s i gna l s  aga insE  a  s i gna l
de r i ved  f r o ro  t he  RF  vo1 !age ,  i n f o r rna t i on  has  been  ob ta i ned  on  t he  phase
h i s to r y  o f  t he  beam,  on  l he  phase  w id th  o f  t he  beam and  on  t he  l oca t i on
a long  t he  ex t r ac t i on  pa th  \ ^ t he re  beam l oss  occu rs .  A l so  ad jus t i ng  a
reno te l y  con t ro l l ed  s l i t  f o r  op t i r n i z i ng  phase  se lec l i on ,  i s  f ac i l i t a t ed
by employing such neasutemen!s.  Time resolut ions of  1 ns are easi ly
ob ta i ned  w i t h  Ehe  equ ip rnen t  used ,  wh i ch  co r responds  t o  a  spa t i a l
r eso lu t i on  a t  ex t r ac t i on  rad ius  o f  abou t  7  cm  a t  10  MHz .
W i th  t he  i ns ta l l a t i on  o f  t he  ax i a l  i n j ec l i on  sys tem the  power  o f
t he  KV I  cyc l o t r on  has  g rown  cons ide rab l y .  ope ra t i on  o f  t he  cyc l o t r on
w i t h  heavy  i on  beams  up  t o  A rgon  has  become  poss ib l e  w i t h  r easonab le
E ransm iss i ons .  Phys i cs  w i t h  l ow  ene tgy  non -acce le ra ted  heavy  i on  beams
i s  p o s s i b l e  w h e n  t h e  c y c l o t r o n  i s  p r o d u c i n g  l i g h t  i o n  b e a n s  w i  E h
inEe rna l  sou rces .  W iLh  t he  i ns ta l l a t i on  o f  an  po la r i zed  i on  sou rce  Ehe
va r i e t y  o f  i ons  beams  a t  t he  KV I  w i l l  s t i l l  i n c rease  i n  nea r  f u t u re .
